Introduction
The recovery of a rock crystal lithic tool from the O Achadizo hillfort (Boiro, A Coruña, northwestern Iberia) has allowed us, for the first time, to systematically study a knapped lithic tool from the so-called Castro culture. The tool is contextualised in the Second Iron Age (from 4th to 2nd centuries B.C.E.). Due to the scarcity of studies on the knapped stone industry of this culture, we considered it necessary to obtain as much information as possible about this object for which reason we undertook a use-wear analysis.
Use-wear analyses
In functional studies, the main objective of use-wear analyses is to document the deformation of archaeological objects as a consequence of their use. This process should establish whether the object has or has not been used. However, this first phase of the analysis cannot always be performed for various reasons, including the presence of patinas (e.g., LeviSala 1986; Plisson & Mauger 1988) or alteration of the surfaces by other postdepositional agents such as trampling (Asryan et al. 2014; Shea & Klenck 1993) , or inadequate treatment of the objects in the process of studying or storing them (Gutiérrez Sáez 1988) .
One of the main problems in the microscopic study of use-wear traces is the equifinality with other types of traces. So, those formed by post-depositional processes, such as soil gloss and several types of edge damage Pargeter 2012; Shea & Klenck 1993) clearly overlap in appearance. This can be explained simply due to the fact that most traces are formed by similar mechanical processes, which are mainly frictional and derive from attritional or abrasive effects (e.g., Brink 1978; Kamminga 1979; Ollé & Vergès 2008; Pedergnana & Ollé 2017; Yamada 1993) . Because of this, in use-wear analysis the distribution of the traces must be differentiated in order not to confuse the wear created by use with that from, for example, rubbing with the sediment itself, or trampling (Plisson 1985) .
Although the discipline has gone through several methodological stages, involving discussions on the most appropriate technical means for functional analysis (among others, Keeley 1974; 1980; Odell 1975; 1981; Odell & Odell-Vereecken 1980; Tringham et al. 1974) , it is true that there is no general agreement on certain limitations of the discipline. Despite methodological "conciliation" (e.g., Marreiros et al. 2015; Olausson 1993) , the inability, for instance, to distinguish the chipping caused by use from that resulting from postdepositional processes, or even small retouch removals, in our view lends more weight to the use of high magnifications. In addition, in the functional analysis of projectiles a mixed method (macro and micro) has often been used (Fischer et al. 1985) . In this case, fractures and removal of material by impacts were distinguished from microchipping caused by other actions, such as cutting or scraping. Moreover, in recent years various trampling experiments have been carried out in order to identify different diagnostic impact fractures, i.e., those that cannot be produced by post-depositional processes (Pargeter 2011; 2013; Pargeter & Bradfield 2012) .
Finally, one of the most important variables when performing functional analyses, and one which often goes unnoticed, is the raw material itself. In this case, and due to the scarce literature specifically dealing with rock crystal (Pignat & Plisson 2000; Plisson 2008) , we have based our understanding of this material on our own ongoing experiments and analyses, which have been partially published Fernández-Marchena et al. in press; Ollé et al. 2016) .
Due to the fact that the transparency and reflectance of rock crystal cause problems for both diacritical readings and macrofracture documentation, several authors have proposed the use of coatings. Although the techniques and products used for coating have been known since the beginning of the discipline (Broadvent & Knutsson 1975; Semenov 1964) , they have been largely ignored. The products and techniques successfully used include sprinkled magnesite, Chinese ink, staining with methyl violet, some kind of unspecified metallization (Semenov 1964) , ammonium chloride (Salmiak), Salmiak mixed with white ink, and magnesium (Broadvent & Knutsson 1975) . Other possible coatings are those traditionally required for SEM analysis, such as gold or carbon sputter coatings. Gold coatings are valid for both macro and micro analyses, and in fact offer very good results when used with an OLM ). Of course one of the limiting factors of all these coatings to be used on archaeological materials is their lack of reversibility (Ollé & Vergès 2008; .
The archaeological site of O Achadizo
The O Achadizo hillfort (Boiro, A Coruña) is a coastal site, located on the Barbanza peninsula ( Figure 1 ). Radiocarbon dating (Rubinos Pérez et al. 1999 ) and the material culture situate the site between the early Iron Age (9th to 4th centuries B.C.E.) and the medium era (4th to 2nd centuries B.C.E.) (Concheiro Coello 2008) . The site is located below the current village of Cabo de Cruz. It was partially destroyed by the construction of various buildings, and excavated in three different phases in order to prevent its complete destruction.
The total area excavated extends for 160 square metres, and corresponds with the perimeter area of a settlement. Despite the limited excavation area, it has been possible to identify at least two different areas bounded by wall structures: a residential zone with a circular house, and a shell-midden or rubbish dump. The tool analysed in this paper was found in the shell-midden (A), dated using 14C from charcoal as 2361 ±30 B.P. (Rubinos Pérez et al. 1999) and is included in the Second Phase of the Galician Iron Age (Pre-Roman). The excavated area of this shell-midden is around 24 square metres and is bounded by a wall (B). It contained about 25,000 fragments of indigenous ceramics. These include the typical With regard to subsistence media in O Achadizo, the faunal assemblages are homogeneous throughout the Pre-Roman sequence. Terrestrial faunal remains comprise domesticated and wild species. Domesticated animals were fundamental for the inhabitants of the hillfort and are represented in order of importance by ovicaprini, Bos taurus and Sus sp. In the coastal Castro-culture, ovicaprini is the predominant faunal group, and in the case of this settlement, as in other sites in the area, sheep, goats and pigs were consumed as immature individuals. By contrast, bovids were kept until they had reached optimum size and therefore maximum meat value. This could mean that they were bred not only for meat, but also as working animals or for milk (Fernández Rodríguez 2001) . There was some hunting activity (especially cervidae), apparently not due to food needs but for obtaining other resources, such as antlers and hides. We must stress that bones and antlers, from both domestic and wild animals, were used as a raw material (Fernández Rodríguez 2001) . The ongoing zooarchaeological studies have so far found no evidence of animal processing in the form of The location of the hillfort on a small promontory in the south of the peninsula of Barbanza ( Figure 1C & D) gives the site a clear coastal character. Exploitation of coastal resources was fundamental, both fishing and shellfishing. More than ten species of fish were caught, of which three were particularly important in pre-Roman times: Sparus aurata, Pagellus bogaraveo and Trisopterus luscus (Ferré et al. 1996) . The significance of fishing is also attested to by the appearance of a bronze hook (Concheiro Coello 2008) . Five species of shellfish are predominant in all the shell-middens of the hillfort, and were probably collected (Rodríguez López et al. 1993 ).
Knapped lithics in the Galician Iron Age?
The discovery of knapped lithic tools in the Galician hillforts, although not unheard of, is quite exceptional. Despite this exceptionality, no specialised studies have been conducted on them. The absence of specialists in lithic technology in the teams working at these sites, the scarcity of planned excavations, and even the non-collection of lithic artefacts, are some of the main reasons for the underrepresentation of the knapped stone industry in the archaeological literature of this period.
One of the most controversial issues was the appearance of knapped cobbles in the hillforts. Despite the difficulty of reconciling the chronology and cultural affiliation of these tools, the study of these artefacts in SW Galicia allowed two different cultural horizons to be established: Forca and Santa Trega (pre-and post-Roman, respectively) (Cano Pan 1985; Cano Pan & Vázquez Varela 1987) . Among the tools, all made of quartzite, are knapped cobbles, proto-discs, cores, flakes and weights.
With the exception of a burin from a site in northern Galicia (Ramil Rego et al. 1995) , from surface collection, virtually all the Galician Iron Age knapped lithic production was located in the area of the Rías Baixas ( Figure 1B ). In the Neixón Hillforts (Boiro, A Coruña) quartz and quartzite flakes, and flaked cobbles were recovered, as well as some fragments of knapped schist (Ayán Vila & Gianotti García 2006; Ayán Vila 2012a; 2012b; 2012c; 2012d; Bonilla Rodríguez & Fábregas Valcarce 2011; González Pérez & Ayán Vila 2012) . At Pena Redonda (Pontecaldeas, Pontevedra) a flint core, pointing to long distance exchanges, was recorded (González Ruibal 2005), whereas in Montealegre (Moaña, Pontevedra), 12 rock crystal prisms, which could be used as supports for laminar extraction, together with 9 other quartz and rock crystal artefacts (eight flakes and a core) were recovered. A retouched blade fragment interpreted as a sickle element was also found (Cancela Cereijo 2006). Additionally, three flint blades from the Torroso hillfort (Mos, Pontevedra) have also been interpreted as sickles (Peña Santos 1992).
Material and Methods
For this research, due to the exceptional circumstance of just a single lithic tool from the O Achadizo site, we decided to analyse it in detail. We employed several methods and analytical techniques in order to glean as much information as possible from the tool. Although in this paper we do not present our experimental data or images of experimental tools, essential in any use-wear study, we have based our results on data obtained in previous experimental work we have undertaken on this raw material, some of which is already published Fernández-Marchena et al, in press; Ollé et al. 2016 ).
Use-wear analyses, optical media and software
For the use-wear analysis, we followed the basic methodology guides proposed by the so-called high-power school (Keeley 1980) , with some technical adjustments necessary in order to analyse highly reflective materials including rock crystal Igreja 2009; Pignat & Plisson 2000) . Due to the large fracture present in the distal area of the tool, we also used the method for analysing the function of lithic projectiles (Fischer et al. 1984 ) that combines macro-and microscopic analysis. For both analyses we used an optical reflected light microscope, the Zeiss Axioscope A.1, with a Nomarski prism and a DIC system (Differential Interference Contrast), which produces a 3D-like image. The microscope is equipped with a 5 Mpx Invenio 5S vII camera, connected to DeltaPix Insight software. This allows you, among other things, to overcome the problem of depth of field thanks to a motorised extended focus system. In this way, the software generates a fully focused photograph from several images in which only the range of microns captured by the microscope appears focused. The software itself selects the most well-focused areas from each image. To analyse the fracture we used both a digital microscope (PCE-M200) and a stereomicroscope (OLYMPUS SZ-PT).
With the aim of documenting the different features located on the surface of the crystal, and also to understand their arrangement, we obtained two gigapixel-type images. To do this, we adapted the guidelines proposed by Vergès and Morales (2014) to the lighting conditions (brightness, shaded areas, etc.) and the type of image generated by our reflected light microscope. We used the Image Composite Editor free software designed by the Microsoft Computational Photography research group. This allows the automatic assembly of panoramas with no deformation, something which is hugely important in order obtain homogeneous measurements across the entire image.
Coating and cleaning of the sample
In this study we chose to apply magnesium smoke to the surface of the tool, as this is a completely reversible product. Although magnesium and its derivatives have been used previously (Broadvent & Knutsson 1975; Semenov 1964) , the application method had not been clearly described. In this case, we used magnesium filings placed into a strainer, sufficiently high to place below an alcohol burner. To avoid problems with the temperature of the magnesium smoke, we used hot glue to fix the tool to a ceramic plate; this was then placed over the strainer prior to burning the magnesium. This procedure resulted in an optimal coating of the tool (Figure 4) .
Although the magnesium can be removed simply by wiping, it is better to use an ultrasonic water bath to dislodge the coating from the entire sample. When cleaning the tool for microscopic analysis, we referred to the protocols published on both rock crystal and other raw materials Ollé & Vergès 2008; Pedergnana et al. 2016; Pedergnana & Ollé 2017) .
Results
Observation by the naked-eye revealed a clear fracture of the distal tip area caused by an indeterminate impact, or an incoming projectile-like movement or incision. The thickness and sagittal profile of the lithic element does not make it particularly suitable for propulsion, however, the type of fracture on the tip seems to correspond with a SPIN-OFF (Fischer et al. 1984) (Figure 5 ). For this reason we believe it could have been used as a spearhead or small dagger. In accordance with this we employed both macro-and microscopic analysis to understand this contradictory information.
Macroscopically, the lancets located over the edges of the ventral side indicate that the piece had been formed over a flake, from the base of a large prism. In the same area, but on the dorsal face, we observed a battered area, from which are produced a series of reflected features. These reflected features are likely to be the result of various knapping errors. In the proximal crushed zone, there is a bipolar removal that crosses another coming from the distal portion. Although the tip area is not preserved, because of the projectile-like fracture, the fact that it only presents one removal, there is no second crushed area, and because due to its size almost the entire piece could be used as bipolar core, we do not think this piece is a core. With regard to retouching, the most interesting aspect is the removal of the butt from the ventral side to create a flat surface where the tool probably fitted into a handle, possibly in the form of an L. The edges were configured by direct retouching. They are small removals from the distal to mesial zones. Here there are two notches, probably to facilitate the hafting.
The microscopic analysis was undertaken in two different phases. First, we observed a series of striations and fractures on the ventral face. The presence of long, wide striations across virtually the entire surface, and in different directions, led us to think at first that this was post-depositional damage. However, a posteriori, an analysis of the photographs taken of the different areas of the tool seemed to show directional patterns.
For this reason we decided to do a more in-depth microscopic analysis, adapting the proposed "gigapixel" concept (Vergès & Morales 2014) . The review was carried out with the aim of documenting areas extensive enough to assess whether or not the large striations were arranged in an orderly manner. Two "gigapixels" based on 200x image stitchings were made for the ventral side of the tool and photographed at 200x magnification. The images enclosed in the text (Figures 6 & 7) are for physical reasons gigapixel-like images. (Note: The originals are available online (Fernández-Marchena 2017a; 2017b) ). Figure 5 ); striations and percussion marks likely due to knapping errors.
The first "gigapixel" was made from 52 images from the left mesial area of the ventral face ( Figure 6 ). It shows larger striations related with crushing marks. Therefore, and as we have documented in ongoing experimental work, these striations were probably produced when the knapper tried retouching the piece. These types of striations can occur due to the characteristic smooth surface of the rock crystal, which causes the hammer to slip. The fact that in the mesial area there is a higher concentration of these striations could also be related to a treatment to create a rougher surface to facilitate the tool being clamped to the handle. The "gigapixel" image of the proximal area (Figure 7) , which was made from 95 images, shows the same type of striations but with a completely different orientation to those in the first "gigapixel" picture. The orientation of these striations is also transverse to the edge, although they end in a surface formed by abrupt retouching, which generates a 90º angle. Fractures and a failed removal can also be observed. Although all the striations documented on the ventral side are furrows , in this area, because these striations are also formed by retouching, there are examples of the partial hertzian crack sub-type (Lawn & Marshall 1979) . The configuration of this area allows for a perfect "L"-type haft (Wadley 2005) , also called juxtaposed hafted method (Rots 2010; Stordeur 1984) . Figure 5 ) of the proximal area in which striations appear associated to percussion marks. Note the retouched area and a non-detached removal (incipient fracture) as well as associated radial fractures. In the gigapixel image (Fernández-Marchena 2017b) some partial hertzian cracks can be observed on the percussion marks.
The dorsal side of the tool is mostly cortical. Although the cortical areas of rock crystal and other raw materials are usually not taken into account due to their state, the cortical face of this prism was perfectly preserved. We have found that these striations appear throughout the piece, all oriented in the same direction. Most are sleek type, very long and thin, and in some cases there are bright striations (Figure 8 ), something we have only documented in the analysis of rock crystal projectiles (Fernández-Marchena et al, in press ). It should be noted that on the dorsal side of this tool, the same type of striations as observed on the ventral face were absolutely absent. The microscopic observation of the macro-fracture impact on the ventral side, which we consider to be a SPIN-OFF, reveals certain peculiarities as a result of the performance of this raw material. Microscopically we can see how the fracture does not end in the removed area (Figure 9 ). Following the terminology of Fischer and colleagues, from their adaptation of the catalogue of fractures from the HO-HO committee, in addition to a SPIN-OFF, continuity could also lead to possible inclusion in the 2C group: step terminating bending fracture (Fischer et al. 1984) . Aside from the continuation of the fracture, if we change the direction of light with the Nomarski prism, we see that part of the surface is really a failed removal. This is seen as iridescence created under the fractured surface ( Figure 9C & D) .
Finally, as a technical result, it is necessary to indicate that the use of smoked magnesium is only effective for macroscopic analysis. In the case of microscopic analysis, it allows observation of the chipping, but these marks are covered with a layer of dust meaning you cannot see the surface properly (Figure 10 ). In image D it is more evident that the surface is not detached although is fractured. Figure 10 . The same point on an experimental tool used for cutting bone at 100x; A. Area without magnesium in which it is possible to distinguish microchipping and striations; B. With the magnesium coat it is impossible to see the striations, and the morphology of the microchipping is altered.
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Discussion and conclusions
The analysis of the projectile point from O Achadizo allows us to approach stone tool use by the inhabitants of the Galician Iron Age hillforts. From the three scales at which we observed the tool (a visu, macro-and microscopic), we can draw several conclusions regarding its production and use. Firstly, although the piece is slightly shaped, the presence of so many knapping errors, including hammer slips along the edge, indicates that the knapper tried to make a much thinner tool. Secondly, the presence of the two side notches, and the removal of the butt, indicate that this tool was made to be hafted, likely with an "L" type handle. Given its curvature, the piece does not seem to have been used as a propelled tip. Therefore, we think that it must have been hafted as a small spearhead or a small dagger-like implement (Figure 11 ). The large number of knapping errors (both macroscopic and microscopic), together with the scarcity of lithic tools in these contexts, seem to indicate an extreme reduction in the knapping tradition in the Galician Iron Age (Torres Navas & Baena Preysler 2014). Even so, and despite the errors, this device appears to have served its purpose.
The distal macro-fracture and the appearance of bright striations on the dorsal face clearly point to the use of the tip as a sharp object or projectile. Although the striations on the ventral side are due to technical processes, some of those formed in the proximal area could be due to the haft, and not only the retouching. Unfortunately these cannot be differentiated.
Despite the properties of this rock crystal making it good for cutting activities , as with quartz in general (Bracco & Morel 1998) , there is no documented microscopic evidence of it being used for this activity. Although there is an ongoing study of the fauna at the site (Pérez-Tenorio et al. 2015 ) the data obtained so far indicates that all the cut marks were made with metal knives.
Final remarks
In conclusion, it should be noted that the data obtained in this work, despite coming from just a single tool, allows a certain degree of interpretation. The use of the object as a hafted incisive tool and the fact it was discarded after being fractured may invalidate a sumptuary or symbolic interpretation, so often argued when discussing of rock crystal artefacts.
On the other hand, the scarce evidence of knapped lithic elements in the hillforts, and the belief of archaeologists that these elements do not provide information on the economy of these settlements, are the main obstacles in the proper assessment of these materials. This underestimation is accentuated by the fact that in the Galician area the main knapped material is vein quartz, a more difficult material to read than, for example, flint. However, we do not agree that this is a valid excuse, and we strongly argue the need to catalogue all the knapped elements. Unfortunately, the dig model chosen for this type of archaeological sites in recent years has favoured neither proper, comprehensive data collection, nor the selection of specialised researchers, trained workers or students for the archaeological campaigns. (2016) 
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